Introduction
Endometrial cancer is one of the common malignant tumors of the female reproductive system, which is commonly found in postmenopausal women. However, in recent years, the incidence of the disease has tended to be younger. 1 The prognosis of endometrial cancer patients with recurrence or metastasis after surgery or radiotherapy is very poor. Gene therapy and targeted therapy have received increasing attention as the new generation strategy for cancer treatment. 2, 3 Presently, there is no specific marker for the treatment of endometrial cancer. The molecular mechanism for growth and metastasis of this cancer type is not well known. High-mobility group box protein 1 (HMGB1, NP_002119), which was extracted and identified for the first time in bovine thymus in 1973, is a non-histone chromosomal binding protein present in the eukaryotic cell nucleus. 4 HMGB1 is highly conserved through evolution and plays a key role in chromatin organization and transcriptional regulation. 5 A series of studies have reported that HMGB1 might be associated with many physiological and pathological conditions, such as Alzheimer's disease, 6 cardiovascular disease, 7 arthritis, 8 ischemia, 9 meningitis, 10 sepsis, 11 inflammation 12 and cancers. [13] [14] [15] HMGB1 has both pro-and anti-tumorigenic bioactivities. HMGB1 suppresses tumorigenesis by interacting with tumor suppressor genes such as p53, p73 and RB. 16, 17 Moreover, HMGB1 has complex effects on the hallmarks of cancer, such as limitless replicative potential, sustained angiogenesis, evasion of apoptosis, self-sufficiency in growth signals, insensitivity to growth inhibitors and tissue invasion and metastasis. [18] [19] [20] However, the role of HMGB1 in the invasion and metastasis of endometrial cancer is unknown.
Materials and methods human primary endometrial cell isolation and culture
Using surgically resected endometrial hysterectomy specimens, primary endometrial cells were obtained by trypsin digestion, 21 which utilize the enzymatic activity of trypsin to facilitate the cell separation and primary cell outgrowth. Patient-derived normal endometrial tissues were immersed in Dulbecco's Modified Eagle's Medium (DMEM)/F12 (Gibco BRL, Rockville, MD, USA) in a 50 mL tube at 4°C. Tissue samples were washed three times with 1× sterile phosphatebuffered saline (PBS). Using a scalpel or scissors, the tissue was cut into small pieces, immersed in 5 mL of 0.25% trypsin supplemented with 0.25 mg/mL collagenase type I (Sigma-Aldrich, St Louis, MO, USA) followed by incubation at 37°C on a rotating platform for 1 h. The sample was then centrifuged for 5 min, and the supernatant was discarded, and 10 mL of growth media (supplemented with 10% fetal bovine serum [FBS] and 1% penicillin-streptomycin) were added to the pelleted cells to deactivate the trypsin. Finally, the pelleted cells were plated into a 10 cm cell culture dish and placed in an incubator. Cells were monitored daily under a light microscope, and the media were changed every two to three days. Cells were usually visible under a light microscope after 24-48 h. When the cells reached 80%-85% confluence, 0.25% trypsin was used to passage them. 
ihc and icc
For immunohistochemistry (IHC), paraffin-embedded sections were dewaxed in xylene and rehydrated in ethanol. After that, antigen retrieval was performed in a pressure cooker for 2 min with 0.01 M citrate buffer, pH 6.0. For immunocytochemistry (ICC), cells at log phase were collected and seeded into a 6 cm cell culture plate covered with coverslips. After 24 h, all coverslips were gathered and fixed with 4% paraformaldehyde for 30 min. Following the protocol of the Streptavidin-Peroxidase Detection Kit (ZSGB-BIO), all sections and coverslips were first incubated with 3% hydrogen peroxide for 30 min, followed by incubation with rabbit anti-human HMGB1 antibodies (ab18256; Abcam, Cambridge, MA, USA) diluted 1:200 in PBS with 0.1% Triton 100 at 4°C overnight, then incubated with the secondary antibody for 30 min at 37°C, and finally stained with the enzyme substrate 3,3-diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich). Human ovarian cancer sections submit your manuscript | www.dovepress.com
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hMgB1 prevents cancer cell invasion and metastasis inhibiting eMT (HMGB1-positive) were used as positive control; PBS was used as a negative control instead of the primary antibody. The presence of brown granules in the nuclei was defined as positive expression of HMGB1.
ihc and icc analysis
A semiquantitative scoring system based on the percentage of stained cells and the staining intensity was used to assess HMGB1 expression in IHC and ICC experiments. The intensity of HMGB1-positive staining was assigned a score of 0-3 (negative =0, weak =1, moderate =2 or strong =3), and the percentage of positively stained cells was scored as 0 (0%), 1 (1%-25%), 2 (26%-50%), 3 (51%-75%) and 4 (76%-100%). The sum of the intensity and percentage score was used as the final staining scores (0-7), and the scores of 0, (1-3), (4) (5) and (6-7) meant the sum indexes (-), (+), (++) and (+++), respectively. For statistical analysis, sum indexes (-) and (+) were defined as low HMGB1 expression, while sum indexes (++) and (+++) were defined as high HMGB1 expression. Each tissue section was analyzed independently by three pathologists.
rna interference
The HMGB1 small hairpin RNA (shRNA) as well as a negative control was synthesized by GeneChem, Inc. (Shanghai, People's Republic of China). The target sequence for HMGB1 was 5-GGACAAGGCCCGUUAUGAA-3; the negative control sequence was 5-TTCTCCGAACGTGTCACGT-3. According to the manufacturer's protocol, target cells were collected, seeded into a 24-well plate and incubated at 37°C with 5% CO 2 for 24 h, and then infected by lentivirus stock at a multiplicity of infection of 100. Transfected cells were cultured at 37°C in a CO 2 incubator overnight. To avoid cell toxicity, new complete medium was added in place of the transfection mixture. After further incubation for 48 h, transfected cells were monitored under a fluorescence microscope. By Western blotting, real-time quantitative reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and ICC techniques, transfection efficiency was assessed.
Quantitative real-time Pcr (rT-qPcr)
Using TRIzol ® Reagent (Ambion™) and TaqMan ® Reverse Transcription Reagents (Applied Biosystems, Inc.; Thermo Fisher Scientific, Inc.), total RNA was extracted, and complementary DNA (cDNA) was reverse-transcribed. Each well (25 μL PCR reaction volume) included 12.5 μL of SYBR Green Mix (Power SYBR ® Green PCR Master Mix, Applied Biosystems, Inc.), 0.2 μL of cDNA, 1 μL of primer pair mix (5 pmol/μL each primer) and 11.3 μL of DNAse/RNAse-free H 2 O. Each sample was prepared in three replicates. PCR was performed using ABI Prism SDS 7000 (Applied Biosystems, Inc.; Thermo Fisher Scientific, Inc.). Specific primers were synthesized by Takara Biotechnology Co., Ltd. The sequences of primers were as follows: HMGB1, forward: 5′-GCCTCCTTCGGCCTTCTT-3′ and reverse: 5′-ACAGGCCAGGATGTTCTCCTTT-3′; E-cadherin, forward: 5′-GGATTGCAAATTCCTGCCATTC-3′ and reverse: 5′-AACGTTGTCCCGGGTGTCA-3′; N-cadherin, forward: 5′-GTAGCTAATCTAACTGTGACCGAT AAGG-3′ and reverse: 5′-TTGGTTTGACCACGGTGA CTAA-3′; vimentin, forward: 5′-GCAGGAGGCAGAAG AATGGTA-3′ and reverse: 5′-GGGACTCATTGGTTCC TTTAAGG-3′; Snail, forward: 5′-TCGGAAGCCTAACT ACAGCGA-3′ and reverse: 5′-AGATGAGCATTGGC AGCGAG-3′; Twist, forward: 5′-AGCAAGATTCAGAC CCTCAAGCT-3′ and reverse: 5′-CCTGGTAGAGGAAGT CGATGTACCT-3′; β-actin, forward: 5′-CCACGAAA CTACCTTCAACTCCA-3′ and reverse: 5′-GTGATCTCCT TCTGCATCCTGTC-3′.
Western blotting
Using radioimmunoprecipitation assay buffer supplemented with 1 mM phenylmethylsulfonyl fluoride, cells were lysed on ice. Protein samples (40 μg/lane) were subjected to sodium dodecyl sulfate polyacrylamide gel elec trophoresis, transferred to polyvinyl difluoride membranes and blocked with 5% bovine serum albumin. These membranes were then cultured with primary antibodies (E-cadherin sc-8426, N-cadherin sc-7939, vimentin sc-6260, Santa Cruz; HMGB1 ab18256, Snail ab167609, Twist ab50887, Abcam) with working dilutions 1:1,000 at 4°C overnight. The next day, these membranes were incubated with secondary antibody with working dilutions 1:2,000 at room temperature for 1 h, and blots were developed using the enhanced chemiluminescence method (Pierce™ ECL Western Blotting Substrate; Thermo Fisher Scientific, Inc.).
growth curves
Cells in the log phase were collected, seeded into 24-well plates (1×10 4 cells/well) and cultured at 37°C with 5% CO 2 . Three wells were singled out every day, the average cell numbers for seven consecutive days were calculated and the growth curves were drawn accordingly. Cells were suspended in complete culture medium. For the bottom layer, 1.5 mL of DMEM supplemented with 20% FBS was mixed with 1.5 mL of 1.2% agar, and the mixture was allowed to solidify in 3.5 cm dishes. For the upper layer, 1.5 mL of 0.7% agar was mixed with 1.5 mL of DMEM (20% FBS) and 200 μL of cell suspension (including 600 cells), and then the mixture was immediately poured into the 3.5 cm dishes with solidified bottom layer. The assay was repeated for three replicates, and all dishes were cultured at 37°C with 5% CO 2 for two weeks. A cluster of ten or more cells was defined as a colony and assessed under an inverted microscope. Using horizontal and vertical lines, the 3.5 cm dishes were divided into four quadrants, colony numbers were counted in each quadrant and the mean was calculated, and the results were expressed as mean ± standard error (SE).
cell invasion assay and migration assay
Cell invasion assay and migration assay were performed as described by Albini and Noonan. 22 For the cell invasion assay, polyvinylpyrrolidone-free polycarbonate (PVPF) membranes of 8.0 μm pore size were covered with 50 μL of Matrigel diluted with serum-free culture medium at 1:3. The cells ( 2×10 5 ) suspended in the serum-free culture medium (200 μL) were added to the upper Boyden chambers. As a chemotactic factor, serum-free NIH3T3-conditioned culture medium (600 μL) was added to the bottom Boyden chamber. The Boyden chambers were then cultured at 37°C with 5% CO 2 for 24 h. Non-invading cells on the upper surface were removed, and the cells on the lower surface were fixed with 4% paraformaldehyde for 30 min, stained with hematoxylin and eosin (H&E) and counted in four quadrants divided by horizontal and vertical lines under an inverted microscope. The assay was repeated thrice. Meanwhile, cell migration assays were performed as described above, except without the Matrigel covering on the PVPF membranes. All data are expressed as mean ± SE.
Tumor xenografts in nude mice
BALB/c-nu/nu nude mice were obtained from the National Resource Center for Rodent Laboratory Animal of China. In each group, five mice were injected subcutaneously with 5.0×10 6 cells, and five mice were injected through the tail vein with the same number of cells. All mice were kept under observation in a sterile environment, and the growth of the tumor was measured by two people at different time periods. After eight weeks, the mice were sacrificed and dissected, and lung tissues were collected and processed into 
Results
hMgB1 expressions in human endometrial tissues
As shown in Figure 1 , high expression of HMGB1 protein was detected in normal endometrial stroma and the endometrial glandular epithelial cell nucleus ( Figure 1A and B) . However, in most endometrial cancer tissues, the immunoreactivity of HMGB1 was very weak. Compared to the highly differentiated endometrial cancer tissues ( Figure 1C and D), the expression of HMGB1 was detected at very low levels in the poorly differentiated endometrial cancer tissues ( Figure 1E and F) and was mainly found in the endometrial cancer cell nuclei, not the stroma. Furthermore, HMGB1 expression was negatively correlated with advanced stage and lymph node metastasis in endometrial cancer (Table 1) . To assess the prognostic value of HMGB1 in human endometrial cancer, survival analysis was performed by the Kaplan-Meier method. The result showed that patients with low HMGB1 expression had a much worse prognosis than those with high HMGB1 expression (log rank, P,0.05; Figure 1G ). The expression of HMGB1 was negatively correlated with the prognosis of patients with endometrial cancer.
acquisition of endometrial epithelial cells and mesenchymal cells
The endometrial glandular epithelial cells were observed to grow into spiral-shaped, monolayer cell colonies (Figure 2A ). In the cytoplasm of glandular epithelial cells, cytokeratin (epithelial marker) protein staining was positive by ICC ( Figure 2B ). However, endometrial mesenchymal cells were mostly spindle-shaped ( Figure 2C 
Different proliferation and invasion abilities of endometrial cancer cell lines
Endometrial cancer cell lines such as Ishikawa and HEC-1B had significantly lower proliferation abilities compared with KLE and HEC-1A cells ( Figure 3A and B) . Furthermore, in the cell migration and invasion assays ( Figure 3C and D), Ishikawa and HEC-1B cells were detected to have weaker migration and invasion abilities. The average migrating and invading cell counts of Ishikawa and HEC-1B cells were much lower than those of KLE and HEC-1A cells ( Figure 3E ). 
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hMgB1 prevents cancer cell invasion and metastasis inhibiting eMT and invasion abilities, had higher expression of HMGB1. These results indicated that the expression of HMGB1 was inversely related to the proliferation and invasion abilities of endometrial cancer cells.
Downregulation of hMgB1 expression by rna interference
In order to study the role of HMGB1 in endometrial cancer cell proliferation and invasion, the expression of HMGB1 was disrupted in the less invasive endometrial cancer cell lines such as Ishikawa and HEC-1B by RNA interference. After lentivirus transfection, downregulation of HMGB1 expression was confirmed by real-time qRT-PCR and Western blotting for both mRNA and protein levels, which indicated high efficiency in the transfection experiments ( Figure 5A and B).
effects of hMgB1 knockdown on endometrial cancer cell proliferation and invasion abilities
The cell proliferation abilities of the less invasive endometrial cancer cell lines such as Ishikawa and HEC-1B were significantly increased by HMGB1 knockdown ( Figure 5C ). Accordingly, in the soft agar colony formation assay, the colony-forming ability of HMGB1 shRNA-infected cells was increased by HMGB1 knockdown ( Figure 5D ). In the cell migration and invasion assays, HMGB1 knockdown promoted the invasion and migration abilities of the less invasive endometrial cancer cell lines, such as Ishikawa and HEC-1B ( Figure 5E and F). The average migrating and invading cell counts of HMGB1 shRNA-infected cells were much higher than those of non-infected and negative control cells ( Figure 5G ). No significant differences were found between non-infected group and negative control group.
effect of hMgB1 knockdown on the tumor growth in nude mice HMGB1 shRNA-infected Ishikawa cells and negative control shRNA-infected Ishikawa cells were injected subcutaneously or through the tail veins into five nude mice. The tumor formation rate of negative control cells was only 60%, with very slow tumor growth. However, 100% tumor formation rate was observed in HMGB1 shRNA-infected cells, with relatively rapid tumor growth. Moreover, the average tumor volume of the negative control was much smaller than that of HMGB1 shRNA-infected cells (44.75±8.75 mm 3 vs 505.49±34.64 mm 3 , P,0.01) ( Figure 6A and B). The negative control group had no lung metastasis, while the lung metastasis rate of HMGB1 shRNA-infected cells was 100% ( Figure 6C ). In conclusion, HMGB1 knockdown could promote tumor formation, growth and metastasis in vivo.
effects of hMgB1 knockdown on eMT genes
It is well known that epithelial-to-mesenchymal transition (EMT) is closely related to cancer cell invasion and metastasis. We examined the effects of HMGB1 knockdown on several key EMT genes, including E-cadherin, N-cadherin, vimentin, Snail and Twist. The results showed that HMGB1 knockdown significantly increased the expression of N-cadherin, vimentin, Snail and Twist but decreased the expression of E-cadherin. Collectively, HMGB1 knockdown could play a role in endometrial cancer cell invasion and metastasis by promoting the process of EMT ( Figure 7 ).
Discussion
In our study, we initially detected that HMGB1 expression was negatively correlated with the prognosis of patients with endometrial cancer, and HMGB1 knockdown could promote endometrial cancer cell proliferation, invasion and metastasis by inducing the process of EMT.
We found that the expression of HMGB1 in endometrial cancer tissues and cells was much lower than that in normal endometrial tissues and cells. Moreover, HMGB1 was negatively related to the clinical and pathological characteristics of endometrial cancer. In the current study, the elevated expression levels of HMGB1 in both tissues and sera of patients are more commonly found in solid tumors, including hepatocellular, 23 ovarian, 24 colorectal 25 and non-small cell lung cancers. 26 The overexpression of HMGB1 was positively correlated with the prognosis of patients with various types of cancer. 27 In melanoma tumor cells, 19 knockdown of HMGB1 expression increased apoptosis and reduced both invasion and levels of p-NF-κB. Conversely, exogenous HMGB1 significantly decreased apoptosis and increased both invasion and levels of p-NF-κB. Knockdown of HMGB1 in human lung cancer A549 cells significantly increased cell β-actin polymerization, cell skeleton formation, cancer cell migration and invasion in vitro, as well as metastasis in vivo. 20 In human cutaneous squamous cell carcinoma, administration of HMGB1 to SCC13 cells caused an increase in cell migration in a time-and dose-dependent manner. 28 However, in different types of breast cancers, HMGB1 exhibits a dual role. HMGB1 silencing inhibited invasion and migration and promoted apoptosis in the human breast cancer cell line MCF-7. 29 However, some research found that HMGB1 could submit your manuscript | www.dovepress.com
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luan et al interact with tumor suppressor genes such as p53, p73 and RB and suppressed tumorigenesis. 30, 31 In endometrial cancer, our results revealed that HMGB1 was a negative regulator in the tumor development.
EMT promotes the malignant epithelial cells to migrate from the primary site and invade the vascular system. [32] [33] [34] We therefore investigated whether HMGB1 could prevent the progression of endometrial cancer by inhibiting EMT. Our related results indicate that this may be the case. Knockdown of HMGB1 decreased the expression of E-cadherin (epithelial marker) and increased the expression of N-cadherin and vimentin (mesenchymal markers). The transcription factors such as Snail and Twist, which could inhibit the expression of E-cadherin and induce EMT, were both upregulated when HMGB1 was knocked down. These data indicated that HMGB1 knockdown could promote the process of EMT. However, in intrahepatic cholangiocarcinoma, HMGB1 knockdown inhibited EMT by increasing the expression of E-cadherin and decreasing the expression of N-cadherin, vimentin and Snail in RBE cells. 35 Similar results were also found in colorectal carcinoma, where HMGB1 was found to act as a promoter for EMT through the RAGE/Snail/ NF-κB-signaling pathways. 36 Collectively, HMGB1 could play a role in the process of EMT, but the mechanism of 
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In conclusion, HMGB1 was negatively correlated with the progression of endometrial cancer. HMGB1 knockdown could promote endometrial cancer cell invasion and metastasis by inducing EMT. We believe that this study on HMGB1 may contribute to early diagnosis and treatment of endometrial cancer.
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